Different sets of silica aerogels (classical aerogels, partially dense aerogels, composite aerogels) have been studied in the objective to understand the mechanical behaviour of these extremely porous solids. The mechanical behaviour of xerogels and aerogels is generally described in terms of brittle and elastic materials, like glasses or ceramics. The main difference compared to silica glass is the order of magnitude of the elastic and rupture modulus which are 10 4 times lower. However, if this analogy is pertinent when gels are under a tension stress (bending test) they exhibit a more complicated response when the structure is submitted to a compressive stress. The network is linearly elastic under small strains, then exhibits yield followed by densification and plastic hardening. As a consequence of the plastic shrinkage it is possible to compact and stiffen the gel at room temperature. These opposite behaviours (brittle and plastic) are surprisingly related to the same kinds of gel features: pore volume silanol content and the pore size. Both elastic modulus and plastic shrinkage depend strongly on the volume fraction of pores and on the condensation reaction between silanols. On the mechanical point of view (rupture modulus and toughness), it is shown that pores size plays likely an important role. Pores can be considered as flaws in the terms of fracture mechanics and the flaw size, calculated from rupture strength and toughness is related to the pore size distribution.
Introduction
The mechanical properties of gels are a research domain developed because of practical and theoretical considerations related to the porous media. In the family of gels, aerogels have known an increasing interest in different fields from the fundamental research in physics to the applications as specific materials. Silica aerogels are fascinating materials because of their peculiar physical properties such as very low sound velocity [1] , large specific surface area [2] , low thermal and electrical conductivity [3] , and fractal structure [4, 5] . These peculiar features are essentially due to the very large pore volume, which can be easily tailored during the gel synthesis [6] (i.e. the siloxane monomer content), but also by a further sintering process [7] .
The knowledge of the mechanical properties of gels and aerogels is clearly of interest for technological application but also for theoretical research. They are ideal material in the sense that the evolution of mechanical properties in relation to the structure can be experimentally studied over a very large range of porosity (0-99%). In the literature, aerogels are generally described as and brittle materials. The elastomechanical behavior is tested either by sound velocity measurements [8,9,] , or by static techniques (uniaxial compression [10] , diametric compression [11] and three point bending [12, 13] ). Unfortunately, each of these studies investigates a different type of aerogel and uses different techniques of measurements. Comparison and correlation of the data is thus difficult. However, the general agreement on their mechanical behavior is that the silica aerogels are brittle materials (like glasses) and the stress-strain relation evolves like a common elastic material toward a "catastrophic" fracture. No plastic deformation has been reported when an aerogel is subjected to a tension load.
Consequently, the theory of linear elastic fracture mechanics could be applied on aerogels to measure the toughness and defect size, [14] . In brittle materials, the strength is strongly dependant on the presence of flaws, which act as stress concentrators [15, 16] and the most relevant feature of brittle materials is their toughness [15] which characterizes the ability of the material to resist to the propagation of flaws. The knowledge of the rupture strength and the toughness allows the calculation of the critical flaw size (a C ) [16] . The pore could be considered as flaw or as an integral part of flaw responsible for the failure of this brittle material. If such an assumption is valid the critical flaw size should depend on the porosity and pore size change. In the first part of this paper we will discuss the elastomechanical behavior of aerogels on the basis of the linear elastic fracture mechanics.
However, recent works [17] [18] [19] have shown that if the aerogel is subjected to a compression load, the solid network initially behaves elastically, until the strain is no longer proportional to the stress. After the stress is released, an irreversible strain is observed, characteristic of plastic behavior. The yield stress and the magnitude of the plastic shrinkage is strongly dependent on the textural and structural features of the silica aerogel. Owing to the plastic shrinkage, the material shrinks progressively by pore collapse, and volume shrinkage higher than 50% can be observed.
In summary, when it is submitted to tension stress, the mechanical behavior of an aerogel is that of a brittle and elastic solid and when submitted to compression it behaves like a plastic material. Obviously the elastic, brittle and plastic properties are strongly dependent on the bulk density (pore volume) of the gel. In this work the mechanical data will be measured over the large range of pore volume (95%-0%) We will also investigate the influence of other parameters such as the pore size distribution and the chemical nature (OH or organic) of the pore surface, on the mechanical behavior. As a consequence of the plastic shrinkage it is possible to eliminate the pores and stiffen the gel at room temperature. The influence of the plastic transformation compared to the sintering proces on the mechanical behavior will be explained by the associated structural changes.
Experimental procedure
It is obvious that the elastic and mechanical properties should be strongly dependent on the load bearing fraction of solid and thus on the bulk density. Different ways can be used to synthesize sets of samples with a tailored bulk density, for example by varying the volumetric ratios, of the most used silane monomers tetramethoxysilane (TMOS) or tetraethoxysilane)TEOS and with a tailored structure by varying the catalyst. The silica gels selected in this study were made from tetramethoxysilane hydrolysed under neutral (distilled water) or basic conditions (10 -2 M, NH 4 OH). The gels are transformed into aerogels by supercritical drying performed at 305°C and 13 MPa [7] . The aerogels are labeled as Ny or By (neutral or basic hydrolysis conditions), where y is the TMOS volumetric concentration.
In the literature [20, 21] ), it has been shown that the addition of fumed silica such as "aerosil" in the TEOS solution will increase the bulk density and favors the formation of large pores. Fumed silica (aerosil OX50 from Degussa) was added to the hydrolyzed solution of TEOS and the aerosil weight percentage (reported to the total silica weight) ranges between 0 and 70 %. These aerogels are labeled as "composite aerogels". CAy where y is the aerosil weight percent The sintering which proceeds by viscous flow is carried out at high temperature (> 1000°C) has been described previously [7, 22] . Depending on the duration of the heat treatment, the pores collapse and the bulk density increases up to the density of the silica glass 2.2 g/cm 3 . Porosity can 28 Progress in Sol-Gel Production also be partially eliminated by a controlled and slow drying. This kind of samples is labeled as xerogels [6] . These different sets of sample covered porosity within the range 95% -0% (density between 0.1 and 2.2 g/cm 3 ).
The elastic modulus (E) and the rupture modulus (σ) of the samples were measured by a 3 point bending technique using an Instron testing machine [5, 11] .
We have discussed in the introduction that linear elastic fracture mechanics may be applied to aerogels [12, 13] . Failure is assumed as the result of the stress concentration at the flaw tip. When stressed, a brittle material is characterized by a given value of the stress intensity factor K I . It is related to the applied stress σ a and to the flaw dimension a by: K Y a I a = σ , where Y is a geometrical factor depending on the location and the flaw shape. The fracture occurs when, either the applied stress or the flaw length or both increases in such a way that K I reaches the specific value, K IC . This value is named the critical stress intensity factor or toughness. In this study the toughness is measured by the Single Edge Notched Beam (SENB) technique [23, 24] .
For brittle materials, the broad scattering of the mechanical strength values, is attributed to statistical nature of flaws. The sample strength distribution is usually analysed using Weibull's statistical analysis [25] . For samples of identical dimensions, for which the effective volume is assumed constant, the failure probability is given by the relationship [26] :
. The cumulative failure probability, P j has been calculated using the estimator [27] :
. , where j is the order of the sample and N is the total number of samples. The Weibull's modulus, m, is a shape factor which characterizes the breadth of the strength distribution. σ o is a scale parameter characterizing the mean rupture strength.
Transformations induced by plastic behavior have been precisely characterized by mercury porosimetry [17] [18] [19] 28] . During Hg porosimetry experiments, because the mercury cannot penetrate the pores, the pressure increase induces an isostatic pressure on the aerogel and, for low pressure, the volumetric strain corresponding is due to its compressibility. Thus, from the Hg porosimeter data, it is possible to characterize the magnitude of the irreversible shrinkage and the elastic bulk modulus (K) of the sample. The slope of the curve at low pressure is related to the elastic bulk modulus K(P) = -V(P)(dP/dV), where V(P) is the volume of the sample at the pressure P. In the elastic region, K = constant. The time evolution of the bulk modulus will characterize the connectivity change in the solid network.
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3. Mechanical properties of aerogels: Young's modulus and rupture strength Whatever is the goal of the aerogel synthesis, it is important to know how the supercritical drying (SD) can modify the mechanical features of the parent wet gel. In the literature the mechanical features have been measured on wet gels [14, [29] [30] [31] [32] and comparison with aerogels [8] [9] [10] [11] 33] data suggests that the supercritical drying enhances the mechanical features of the samples. To explain the strengthening of the materials during SD we can invoke two kinds of processes occuring in the autoclave. The first must be related to the formation of siloxane bonds between "dead ends" in the alcogel. When two branches come into contact, condensation reactions of silanol groups take place increasing the connectivity. This process would increase the stiffness and the strength, but would also impose stresses on the alcogel network which could explain the shrinkage. The second mechanism of strengthening is due to the growth of the necks between particles. This growth occurs by a mechanism of Ostwald ripening [34] (driven by difference in solubility) which transfers silica from the particle surfaces to the necks. This process is accelerated by the high temperature and pressure.
Improvement of the mechanical properties by the alkoxides content.
It is obvious that the poor mechanical properties of aerogels are due to the large pore volume, which characterizes these materials. Consequently, the increase of the bulk density (decrease of the pore volume) will generally improve the mechanical properties. A simple way to increase the bulk density is usually done by higher monomer content (alkoxide). Figure 1 and 2 shows the evolution of the elastic young's modulus (E) and the rupture strength (σ) as a function of the alkoxide volume percent in the case of neutral or basic catalysis respectively. For the 2 sets of samples studied E and σ increases by one order of magnitude with the alkoxide content studied .The figures shows also that the mechanical properties of neutral aerogels are higher than those of the basic set. This difference is principally due to a larger shrinkage during the hypercritical drying leading to a higher bulk density of the neutral set compared to the basic set [13] ). Nevertheless, if reported to the same bulk density, neutral set have systematically higher mechanical properties compared to the basic one because of a structure more reticulated in the case of neutral aerogels [13] . 3.2 Improvement of the mechanical properties by addition of an oxide particles.
In ceramics and composites technology, it is generally admitted that inclusion of particles or fibers in the material could improve the mechanical properties. It is possible to adjust the apparent density by the addition of silica powder and fumed silica (aerosil) is added in the monomer solution, just before gelation. The figure 3 shows the evolution of the mechanical properties of the composite aerogels as a function of the aerosil content. As expected the aerosil addition increases the mechanical properties but not linearly, mechanical properties show a clear different behavior in the aerosil range 0-50% compared to the range 50-70%. The mechanical features measured on the sample set are quite constant between 0 and 40%. For this concentration range, the aerosil particles may be assumed as playing no role in establishing the connectivity, they do not participate in load transfer. The aerosil addition also affects the aggregation process, the aerogel structure [35] and the pore size distribution [20, 21] .
Above « the percolation threshold » (for concentration higher than 40%), it has been shown that the structure is made of two imbricate networks [35] , the polymeric and the aerosil networks.
The mechanical properties rapidly increase with aerosil %; the aerosil particles strengthen the structure by a factor 5.
In conclusion, the addition of silica particles will improve the mechanical behavior and affect the structure. However, the increase of the solid fraction will not enhance linearly E and σ because of the complicated structure of the composite aerogel.
Partial densification of the aerogel by a heat treatment.
Another way to increase the mechanical properties is the sintering. Aerogels can be sintered and transformed in dense silica glasses by a heat treatment close to 1000°C. During these treatments the structure of the aerogel is modified and the mechanical properties are enhanced. Figures 4 and 5 collect the evolutions of the Young modulus (E), the rupture strength (σ) as a function of the density produced by sintering. 
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The main feature of these curves is the very large increase (10 5 -10 6 ) of the elastic and mechanical properties over the bulk density range. The most part of the strengthening arises in the density range 0.1-1. Clearly during the sintering, the aerogel strengthens and finally the mechanical features of the fully dense material are identical to those of conventional silica glass.
The strengthening of the material is directly related to the decrease of the pore volume but also, at a given density, to structural changes. The E and σ values of sintered aerogel are higher than for neutral aerogels having the same bulk density, we can conclude that the heat treatment has induced an increase of the connectivity or of the size of the necks between particles. During the sintering heat treatments, organic species and silanol groups are replaced by new siloxane bonds increasing the connectivity and thus the mechanical features.
The densification tends to reduce the whole sample volume eliminating the macro and microporosity [36, 37] .Besides the pore elimination, the heat treatment has structural effects: it increases the network connectivity and reduces the pore size distribution.
Partial densification of the gel by drying.
On figure 4 and 5 are also plotted the mechanical properties of a set of xerogels in the same density range. It appears that xerogels have smaller mechanical properties than aerogels.The xerogel network is certainly locally damaged by the stresses which occur during the drying. The assumption of the structure damage is deduced from the lower mechanical properties of the xerogels in the density range 1-2. During drying, micro-flaws are created but they are not "critical" in the sense of the fracture mechanics of brittle materials (see next section). On a structural point of view during drying, the xerogel is submitted to compression force which tends to eliminate the larger pores [19] .
In opposite to the sintering, drying shift the pores size distribution towards the lower pores. We will see later that compression stresses could induce damage in the structure (loss of connectivity) even if the samples is not broken and looks without cracks. It is noteworthy, that E and σ do not increase in the large density range 0.9-1.55 which correspond to a large loss of pores, from 60%-28%of porosity. We should expect a large stiffening and strengthening. However, to obtain so high densities by drying, large compression stresses are necessary which leads to the breakage of links at a microscopic scale and weakens the whole solid structure.
Brittle behavior of aerogels
The application of the linear elastic fracture mechanics on gels is questionable because it is necessary to justify that the material has an elastic behavior but can be treated as a continuum. Scherer [12] has discussed this problem and has shown that it seems reasonable to apply fracture mechanics because the elastic region near the tip of the crack is much larger than the plastic deformation at the crack tip.
Toughness.
Because gels behave as brittle materials, the mechanical strength (σ) is strongly dependant on the presence of flaws, which act as stress concentrators. The most relevant feature of brittle materials is their toughness (K IC ) which characterizes the ability of the material to resist to the propagation of flaws. The pores could be considered as flaws or as integral parts of flaw responsible for the failure of this brittle material. If such an assumption is valid, the critical flaw size should depend on the porosity and pore size change. To check this assumption it is necessary to measure the toughness for sets of aerogels with different porosities. The a C changes will be deduced from K IC data and discussed in terms of pore size evolution. Figure 6 shows the evolution of K IC for the different sets of materials (basic and neutral sets, sintered and xerogels materials) as a function of the bulk density. The toughening of the two sets of materials is directly related to the decrease of the pore volume. The reported values in crease by a factor 10 -3 up to those measured on dense silica glasses (0.7-1.5 MPa × m 1/2 ) [24] .We note that the toughness of basic set is slightly lower than those of the neutral set ( at a given density) and confirms the result previously measured on E and σ. Concerning the comparison between the sintered and the xerogels sets the difference seems less important than the one measured on E andσ. This result will be discussed in terms of critical flaw size in the next section. 
Critical flaw size.
The knowledge of K IC and σ R allows one to calculate the critical flaw size, a c [16] . The a C evolution as a function of the bulk density for the different sets of samples is reported on Figure 7 .
Concerning the sets of neutral and basic aerogels the general trend is a a C decrease with the TMOS content bulk density). As suggested before, a correlation could exist between a C and the evolution of the pore size. It has been already shown that when the TMOS content increases, the average pore size decreases and the pore size distribution curve becomes narrower. A previous study [38] have shown that for the two sets of aerogel, the microporous and mesoporous volumes are not strongly affected by the TMOS %. On the other hand, the macroporous volume decreases strongly. If we try to relate the a C change with the textural change we observe that a C follows the size change of the largest pores (macropores). Figure 7 shows the evolution of the critical flaw size as a function of the bulk density for the sets of sintered aerogels. It appears that a c is in the range 5-100 µm and decreases over the bulk density range. In the literature the macroporosity of sintered areogel has been measured by porosimetry [39] . The results confirm this tendency, during sintering the macroporous volume is progressively reduced and when all the macropores have disappeared the largest mesopores begin to collapse. We can associate the a c decrease during the sintering to the larger pore size and macroporous volume decrease. The drying collapse also strongly the macroporosity and the mechanical results show also that the a c decrease during the drying could be associated to the elimination of the larger pore. For all the parameters studied (TMOS %, catalyst, sintering) a C decreases when the macropores decrease. Whereas, we note that the a C values are much larger than the pore size, so the scale of critical crack extend on a large number of pores. To
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Progress in Sol-Gel Production satisfy this statement, it is necessary to consider that the critical flaws, which lead to failure, might be created during the test. We can suppose that the failure occurs by progressive breaking bonds following the minimum solid area and collapsing a large number of pores located between "clusters". The macropores link into a macroscopic flaw and catastrophic failure occurs when the size of the flaw becomes critical. Another interesting point must be discussed. The comparison between the different sets shows that the critical flaw sizes of the sintered and xerogel sets are higher than those of the neutral and basic sets. This result is in agreement with the assumption that during the drying the porous network is weakened by the drying stresses and probably micro fissured. The association large pores and micro flaws could leads to these a c values. In the case of the sintered aerogels we observe also a larger critical flaw size than for the not treated aerogel set. The more likely explanation is that during the cooling after sintering, the differential thermal stresses between the "skin" and the core of the samples could induce superficial flaws which participate to the formation of the critical flaws.
In conclusion, the ac values suggest that the flaws size changes could be due to the pore size transformation because of the elaboration parameters. However, if this assumption is valid the flaw size distribution and the Weibull modulus (m), which characterizes the breadth of the strength distribution (and consequently the flaw size distribution) has every chance to change. The goal of this new part is to determine the Weibull parameters of aerogels sets.
Weibull statistic.
For brittle materials the broad scattering of the mechanical strength values is attributed to the statistical nature of flaws. The sample strength distribution could be analyzed using the Weibull's statistics. Figure 8 show the large scattering in the data due to the statistical nature of the mechanical strengths. On this figure is reported the experimental and calculated cumulated failure probability distribution function using the Weibull's statistical analysis. The small value of m is characteristic of the wide distribution of the strength. While m varies slightly, σ 0 increases with TMOS %. These results show that critical flaw sizes are probably less dispersed for aerogels with higher bulk concentration which corresponds to aerogels with a narrow pore size distribution.To see more precisely a possible effect of the pore size distribution on the Weibull modulus we have measured the m value on a set of composite aerogels. As explained above the addition of silica particles in the solution before gelling will strongly affect the pore size distribution and the structure [20, 21, 39] . The large pore size distribution and the fractal structure of the composite aerogels having a particles concentration lower than 40 % evolves, with the concentration, towards a more homogeneous non fractal porous material, with a narrow pore size distribution. Table 2 show the results of the Weibull's analysis and as expected, for the low concentration the m value is low close to 3 which corresponds to a large strength and flaw size distribution. When the particles concentration is higher than 40%, the m value is more than twice (~ 8). This result show the correlation between the pore size distribution and the flaw size distribution and comfort the idea that the failure would occur by progressive collapsing of a large number of pores
Plastic behavior of aerogels
In the preceding parts silica gels are described as purely elastic materials, the stress-strain relation evolves like a common elastic material toward a "catastrophic" fracture. No plastic deformation has been reported when a gel is subjected to a tension load. Owing to their large compliance, when subjected to isostatic pressure, aerogel networks can deform irreversibly. This phenomenon has been discovered and studied using Hg porosimetry which provides the shrinkage amplitude and also the elastic modulus (K) of the network [17] [18] [19] . Figure 9 shows the typical curves for the volumic strain versus the applied pressure during the compression run. When the pressure is low, after the pressure release, the strain (∆V/V 0 ) is completely reversible and the aerogel finds its initial volume. The slope of the curve is related to the elastic bulk modulus. When the applied pressure is high, the sample volume after depressurization is lower than the initial one. The irreversible shrinkage (∆V/V 0 ) pl characterizes the magnitude of the plastic strain. If several cycles of pressurization are applied with increasing pressure the aerogels shrink progressively with each cycle. It has been shown [17] [18] [19] that the main parameters of this densification by compression are the elastic properties of the material and the bulk density but we will see that the macroporous volume and also the silanol content are important parameters. We assign the plastic shrinkage to three types of mechanisms. First, the rearrangement of the clusters by breakage of links between them; second the freezing of the strained structure by formation of siloxane bonds (SiOH condensation) and third, a relaxation effect.
Irreversible shrinkage.
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Kinetic effect.
To check if the assumption that the plastic shrinkage is also due to the competition between breakage and formation of siloxane, figure 10 compares the elastic bulk modulus change ∆K/K versus time measured on B40 and B40 Ox (large OH content after an oxidation heat treatment [7] ) at 10 MPa. The data prove clearly that in the case of the sample B40 shrinkage is accompanied by a weakening of the network. The bulk modulus shows a 25% decrease. For the compression time, B40 Ox stiffens by 30%,. These results confirm that during the compression runs, two opposing phenomena exist. First, the breakage of siloxane bonds which allows the moving of the clusters and the restructuring. Second, because clusters interpenetrate, the formation of links by silanol condensation is possible. The change in network connectivity (measured by the K evolution) is the result of the competition between these two mechanisms. For aerogels B4O densification is due to the action of pressure which forces clusters to interpenetrate, but only a few siloxane bonds are created at this pressure. On the other hand, for B40 Ox, thanks to the large silanol content, the formation of new siloxane bonds largely compensates the cleavage of a part of them.
Relaxation effect.
The volumetric shrinkage observed after a compression run can be partially annulled by a relaxation effect which expands the network. The reason for this expansion is the disentanglement of the clusters which have been strained by the isostatic pressure. Figure 11 shows that the relaxation is very fast. One hour after the pressure release the shrinkage of the compressed material B40 has lost 30-35% of its magnitude. The further relaxation effect is a consequence of this competition between breakage and formation of new links. The pressure forces the clusters to interpenetrate but strained clusters are poorly linked. During the pressure release the network tends to reduce its strain and consequently expands. The disentanglement is time dependent because of the friction effect within the solid.
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Progress in Sol-Gel Production For the B40 Ox aerogel, the clusters strained by the pressure are stuck to each other by the formation of new links. When the pressure decreases the high K value limits the expansion of the sample, only 5 % of shrinkage is lost. In this case the relaxation effect can be reduced and the final density is close to that measured just after the pressure release.
A previous structural study by Small Angle X-rays Scattering (SAXS) [40] has demonstrated that during the densification by compression, the main restructuring is due to a new spatial arrangement of the clusters and the pore volume between clusters is reduced. To allow the moving of the clusters, some of the links at the boundaries between aggregates should be broken. However, because the clusters touch and interpenetrate, silanol groups (SiOH) can condense and the formation of siloxane bonds would increase the network connectivity will limit the densification magnitude. We have seen that composite aerogels have a structure more homogeneous in terms of pore size and the pore size distribution is shifted towards the macroporosity range. Because of this different textural properties the plastic behavior should be different the rearrangement of the clusters will be favored by the presence of large pores allowing the clusters to move and consequently to lead to the aerogel densification. The figure 12 shows the strong effect of the macropores on the bulk density after the compression runs for different kinds of samples. The bulk density of compressed CA is twice that of the neutral and basic aerogels. The extrapolation of the curve leads to the conclusion that fully dense silica glass could be achieved in the pressure range close to 500 MPa.
Structural comparison between plastic densification and sintering.
In this part, the plastic shrinkage is investigated and its mechanism is compared to that of viscous flow sintering, through the associated structural changes. The SAXS data will help to quantify the eventual transformation of the cluster, internal compactness (fractal dimension D f ) and size of the constitutive particle. During sintering the fractal dimension and the particle size increase while the compression runs do not significantly change D f or particle size. On the other hand, the cluster size is more affected by the compression than by the sintering.
The interpretation of SAXS data suggests that for sintered samples the densification is induced by viscous flow which tends to contract the clusters and consequently reduces the whole sample volume. The densification proceeds by coalescence of small particles into larger ones. D f tends toward 3, indicating clusters densification related to the particle coalescence. The local sintering has two effects: it pulls on the network, shrinking the cluster and it increases the connectivity in the whole material.
On the other hand, in the case of densification by compression, the main restructuring is due to a new spatial arrangement of the clusters. The clusters interpenetrate each other, their periphery is changed but their internal structure is not affected. This indicates that the pore volume between clusters is reduced. This rearrangement is reasonable taking into account the process which stresses the samples by isostatic external pressure. During compression, because the solid is not viscous, such a restructuring should induce important strain and local decohesion in the network.
To allow the moving of the clusters, a part of the links at the boundaries between aggregates should be broken and the whole connectivity of the network is lowered. However, because the clusters touch and interpenetrate, silanol groups (SiOH) can polycondense and the formation of siloxane bonds could increase the network connectivity. These two opposing effects, breakage and formation of links, occur simultaneously.
In a previous work Scherer [19] has explained that the shrinkage during drying can be compared to a compression experiments, the capillary stresses acting like isostatic compression forces. This analogy between the drying and the isostatic compression is also supported by the pore size evolution. The main evolution of the porous structure during drying and compression being the loss of the larger pores .So the structural evolution during drying could also be the result of a compromise between breakage and formation of new links leading to the possible formation of micro flaws.
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Conclusion
In the literature many empirical relationships have been used to relate elastic and mechanical properties to porosity of brittle solids. However, these relationships are generally valid for a restricted range of porosity; their exponent is empirical and depends on the nature of the solid phase.
More recently, different approach (cellular models [41] , percolation analogy [42] [43] , fractal structure [44] , blobs and links [45] have been proposed to account for the porous volume and calculate the evolution of the mechanical properties as a function of their structural characteristics. Such models seem attractive to describe the mechanical properties of gels for several reasons. In contrast with the empirical relationships they try to relate the physical properties to a description of the mean structure or to the aggregation process Another interesting feature of those models is that they predict a power low evolution of the mechanical properties as a function of the fraction of the solid phase which is generally checked by the experiments [9, 10, 13, 19] . However these models "works" quite well for the elastic modulus but are generally not useful for the strength and the toughness. Moreover these models do not account for the parameters like pore size distribution, micro flaws, OH content.
Since the first international symposium on aerogels held in Wurzburg in 1985 the use of the aerogels not only as an end material but also as a precursor was proposed as an alternative. The potential applications of the aerogels are catalyses [46] , insulator [3] cosmic dust captor's [47] and recently new materials for green house gazes sequestration [48] .
The potentialities of this material are increased if considered not only as an end product but also as a precursor. The sintering of the silica aerogel up to the synthesis of pure silica glass [7] is a clear example of the success of this approach. The possibility to use the very large porous volume as a host matrix before sintering is in the continuity of this method [49] . Multi components aerogels has leads to borosilicate glasses, phosphosilicates glasses but also complex glass ceramics containing BPO 4 , cordierite and mullite composition.
Because of their large pore volume (80-95%), the mechanical properties of the dried gels are several orders of magnitude lower than those of the dense silica but the mechanical behavior is identical to that of brittle materials like glasses. The bulk density is the main parameter which defines the elastic and brittle features but 2 others parameters (pore size distribution and OH content) are also significant to describe and understand the whole mechanical behavior. Toughness measurements have shown that the flaw size responsible for the fracture seems to related to the size of the largest pores. Failure occurs by progressive breaking bonds collapsing a large number of pores. The macropores link into a macroscopic flaw and catastrophic failure occurs when the size of the flaw becomes critical.
It is usually admitted that supercritical drying is a complicated but efficient method to prepare large and monolithic dried gels. However, previous investigations have shown that owing to the peculiar texture of the aerogel network, volume variation of the liquid due to thermal dilatation but also of the supercritical fluid during depressurization could induce aerogel fracture, slow crack growth occurs by a stress corrosion effect [50] . Moreover the stress corrosion effect which can lead to the failure of aerogels after several months under a low tension stress (monolithic aerogel have cracked only because of the internal stresses). This effect is favoured by the OH content of the gel, once again [23] . Clearly parameters like pore size distribution micro flaws and OH content are necessary parameters to have a complete description of the brittle behavior Besides the brittle elastic behavior when it is subjected to a tension load, under a compression load the porous network can be irreversibly transformed. This plastic behaviour is also strongly affected by the macropores and by the OH content. This new way to eliminate the large pore volume of gels could be interesting in the case of the synthesis of composites materials whre silica will be associated to compounds sensitive to the temperature. By this "sintering at room temperature", chemicals dyes could be introduced and trapped in the porous network after compression runs.
As explained in the introduction, aerogel has specific properties because it is certainly the lightest solid materials that have been done. The possibility to fill and/or to sinter the porous structure is another way to enlarge the interest and applications of aerogels in the future.
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